In this paper an auto calibrated system of thick film resistive heater have been designed which can be adjusted to desired temperature. The circuit is consists of ADC, DAC, microcontroller, and current buffer. This circuit compensates dropt voltage across the heater which has been resulted from ambient temperature changes. Finally this circuit is able to control and adjust the heaters temperature automatically and also drives different resistive heaters for similar gas sensors.
Gas sensors are widely used for several applications, ranging from environmental and air-quality monitoring to automotive and industrial control. Recently, especially in view of legislative initiatives aimed to the reduction of pollution and of human exposure to dangerous gasses, hand-held systems for gas sensing are becoming quite important, thus pushing in the direction of improving the performance (especially in terms of dynamic range for exploiting novel gas recognition algorithms), minimizing size, power consumption and cost of such systems [1] . Gas sensors based on semiconducting oxides and manufactured by the screen-printing method have certain advantages with respect to other types of gas sensors. To detect small concentrations of a reactive gas in air, the surface reactions are much more relevant than the bulk changes, so that the specific surface of gas sensitive elements must be as high as possible. The screen-printing technology is adequate for satisfying such a primary requirement. In addition to high sensitivity, thick-film sensors have high stability combined with light simple construction at low cost [2] .
There are different ways to fabricate gas sensor which have high accuracy and high ability. One of these methods is using thick film technology in gas sensors. Thick films devices are fabricated by screen printing pastes, usually containing glass and metal powders, onto an alumina or SiC substrate. This technology has been used for many years in the electronics industry to produce circuit containing conductors, resistors and dielectrics [3] . Thick-film hybrid circuits are produced by depositing layer of special pastes or inks on an insulating substrate of which is to produce a fired composite that will control the electrical conduction process. Moreover, a hybrid microcircuit will contain a combination of thick-film or thin-film component, monolithic integrated circuit and discrete parts. The substrate is usually a ceramic wafer and alumina. The main requirements for a thick-film conductor ink are as follows: it should have high conductivity; exhibit good adhesion; be solder able and show a high resistance to leaching. In general, noble metals such as gold, silver, platinum and palladium of particle size less than 5 µm, are used as the conducting phase [4] . The gas sensors should have high accuracy and high speed, so for this purpose heaters of sensors should be able to adjust themselves with the ambient temperature effect. For appropriating this purpose and controlling temperature (since the heaters resistance is directly related to temperature high accuracy interface circuit is used. Auto calibration circuit has been used for driving different heaters of gas sensors, calibrating and compensating the environment and ambient temperature effect. As mentioned before, thick film technology is a method for fabricating high accuracy gas sensors. These devices contain three major parts: heater, electrodes, and active layer. Active layer makes a reaction with the target gas, in order to change the resistivity between the electrodes.
978-1-4244-5187-6/09/$26.00 ©2009 IEEE 311 This happens at a certain temperature for a certain target gas. To achieve to that temperature range, heaters are made of a platinum trace onto the substrate. The heaters of some thick film gas sensor are fabricated on opposite side of substrate and some are printed on same side under the electrode part, insulated by an insulating layer is normally 3 2 O AL , (Fig.1 ). Each gas sensor is composed of a heater resistor to heat up the sensor at its working temperature between 100°C and 500°C.
II. EXPERIMENTAL

A. Heater fabrication
In this work a 25Ω heater resistive was printed onto an alumina substrate using ESL-5542 platinum paste. The heater structure has a meander shape as depicted in Fig.2 based on dimensions given. In figure 2 the calculated heater R is 25.65Ω.
The thickness of the printed film after firing is around 7µm, and then the measure heater R is around 26Ω.
Temperature of heater should be controlled and calibrated, using a control circuit.
B. Control of heater temperature
We require an electronic interface circuit which provides samples of heater resistance. These digital blocks can be realized on the same chip of the sensor read-out circuitry or in different devices, such as a microcontroller or an FPGA, for guaranteeing a better versatility [1] .
Voltage has been applied for driving heater and the application is controlled by a microcontroller which programmed to drive each heater. Knowing the resistance vs. Heater temperature can be controlled by several ways (i.e. operating the heater at constant voltage, NTC, PTC, temperature sensor, RCO, TCR resistor, Watson bridge and etc is used [1, [5] [6] [7] [8] [9] .
However, these ways might have more accuracy but once they are used, designers have to add an additional component to sensor, which will cause bigger size, more costs and decrease the performance of the sensor. The control of the heater includes supplying a given amount of power while its resistance is measured. When the selected temperature is reached, the power control must maintain the heater resistance in a stable value. The heater control block consists of some components which are listed in below (Fig. 3, Fig. 7 ):
-10 bit analog to digital convertor (ADC), for recognizing the heater temperature; -Microcontroller which is used for reading ADC value, doing control process and applying appropriate voltage to DAC; -12 bit digital to analog (DAC) for applying desired voltage to heater; and -Current buffer for providing heater current, (because micro output current is too low to provide required heater current). 
III. RESULT AND DISCUSSION
Each heater is biased at constant voltage and heater resistance depends on its temperature. So, the temperature should be increased up to desired level.
Applying a constant voltage to the heater at room temperature (12 bit DAC has been used), increased heater temperature, which makes it start heating up (table 1) . For instance, if the heater is connected to 5V power supply, its temperature will go up to 105°C. Therefore, the higher temperature equals the more voltage and heater resistance, as well as the temperature reduction (Fig. 4) . The relationship between temperature and voltage which has been resulted from graph in Fig. 4 and created in Matlab, can be found as:
Coefficients (with 95% confidence bounds): Applying the KVL principle (Fig. 6 ). For this purpose, a 10 bit ADC is used. As stated earlier, after converting drop voltage in ADC, this digital data will be sent to microcontroller which is responsible to adjust source of voltage and apply it to DAC, which has been connected to cal R and heater (Fig. 7) . Finally, effect of ambient temperature is compensated, and the circuit automatically will be calibrated. There are some advantages for this method comparing with other methods, including less expense, more simplicity, ability to connect to each sensor with similar fabrication and high performance. Due to controlling the circuit by a resistor which is directly affected by heater, effects of environment and ambient temperature on control process is very negligible and ignorable.
IV. CONCLUSION
In this paper heater of gas sensor was derived measured and then controlled. In addition, Design interface circuits for thick film heater for gas sensor resistor have been presented. The heater was made of several materials. This experiment was carried out by PT heater. This circuit included heater and heater driver and interface circuit to apply voltage for heating up, recognize the temperature and compensate the ambient temperature, because ambient temperature has some effects on heater performance. The heater temperature should be controlled and adjusted by microcontroller and using a small serial resistance. The heater control block consists of analog to digital convertor (ADC), for recognizing the heater temperature, microcontroller which is used for reading ADC value, doing control process and applying appropriate voltage to DAC, digital to analog (DAC) for applying desired voltage to heater, and current buffer for providing heater current.
